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OCEANOGRAPHY .—An instrument for accurate and rapid den- 
sity measurements on board ship. A. L. THuras, Bureau of 
Standards. (Communicated by 8S. W. Stratton.) 


The ordinary hydrometer has long been discarded for accurate 
oceanographic work because of the irregularities and variations 
in its indications. Almost all of these errors are to be found at 
the surface of the liquid measured, as for instance, changes in 


surface tension, impurities on the surface influencing the shape 
of the meniscus on the stem of the hydrometer, and irregularities 
in the wetting of the stem. These errors are all eliminated in the 
float, or bobbin, of total immersion. Therefore this method has 
been investigated and studied with the hope of possibly improving 
and simplifying it, so that rapid and accurate density measure- 
ments can be made on board ship. 

The method was probably first suggested by Pisati and de- 
scribed in 1890-by Reggianni, who used hydrometers of total 
immersion on board the Washington of the Royal Italian Navy in 
the Mediterranean in 1883. He used two modifications, one con- 
sisting of a hydrometer of constant specific gravity and the other 
| consisting of a hydrometer of variable specific gravity. In the 

first modification, equilibrium in weight of the hydrometer and 
solution was effected by adding measured quantities of distilled 
water to the solution; in the second modification equilibrium was 


1 Done under the auspices of the Interdepartmental Committee on Ocean- 
ography, subcommittee on instruments, apparatus, and measurements. 
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attained by adding weights to the hydrometer. Reggianni did 
not determine the specific gravity of the sea water beyond the 
fourth place of decimals. 

Dr. Nansen in 1896, while studying the salinity of the North 
Polar Basin, developed a method similar to the second modifica- 
tion of that of Pisati and Reggianni. A hydrometer of total 
immersion, 3.5 cm. in diameter and 15 cm. long, of normal Jena 
glass No. 16" was used. The observations were made in a 
Dewar cylinder, and equilibrium was attained by adding plati- 
num weights to the float, the final adjustments being made by 
slightly varying the temperature of the sample until the density 
of the liquid was exactly equal to the density of the float. The 
temperature of the sample was carefully measured by three 
thermometers, the bulbs of which were placed in the upper, 
middle, and lower strata of the sample. An accuracy of one in 
the fifth decimal place was attained. Dr. Nansen makes the 
following remarks in regard to this method: 

It is most astonishing that so little attention has hitherto been 
= by oceanographers to this valuable method. . . . . Aftera 
ittle practice I think that the method of those observations might be 
so arranged that they should not take much more time than ordinary 
determinations with the hydrometer, if the latter were to be made 
fairly accurate. In my opinion, the method promises to become im- 
portant for future oceanographic work, as it should enable us to de- 
termine the density and salinity of the ocean with a considerably 
higher degree of accuracy than has hitherto been reached. And it 
excludes, even in the case of less skillful investigators, the chief source 
of error, vitiating, under ordinary circumstances, all observations made 
with the common hydrometer. 

T. W. Richards has also made a careful study of this method 
and has obtained a much higher degree of accuracy. The so- 
lution to be investigated is placed in a liter Erlenmeyer flask im- 
mersed in an adequately stirred bath in which the temperature 
can be kept constant to 0°001C. He was able to measure 
densities to a few units in the seventh decimal place. 

A. B. Lamb and R. E. Lee have also attained very high accu- 
racies by using an electromagnetic attraction to obtain the 
equilibrium condition. A piece of soft iron is enclosed in the 
bulb of the sinker and by means of an electric current sent 
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through a properly placed external circuit, an electromagnetic 
attraction is exerted in a vertical direction on the bulb. The 
utmost precautions had to be taken to maintain a constant 
accurately known temperature, to avoid any jarring of the 
apparatus, and to avoid errors due to eddy currents in the 
liquid. 

In all of these modifications of the total immersion method of 
measuring the density of liquids, the outstanding difficulty is the 
production of small and accurately known variations in the 


bouyancy of the sinker. Some easily variable, easily measur-. 


able force that will produce vertical displacements of the bobbin 
is wanted. 

Such a force can most conveniently and easily be obtained 
indirectly by varying the temperature of the liquid. This method 
is employed in the apparatus that is described below. Numerous 
analyses having showh that the composition of sea-water salts is 
very nearly the same in all parts of the ocean and at all depths, 
the concentration alone changing, the temperature coefficient of 
expansion of all samples will be the same and the constant of the 
apparatus will need be determined but once for all. 

The maximum variation in the density of the sea water in the 
open ocean is less than one per cent, so that the density of the 
most saline water can be made equal to the density of the least 
saline water by raising its temperature 20°C. Also, the coeffi- 
cient of expansion of sea water is so low that a sufficient degree of 
accuracy in the density can be obtained without an excessively 
close reading of the temperatures. This method also elimi- 
nates measurements other than that of temperature, which is 
- always needed in accurate density determinations. 

The apparatus (fig. 1) consists essentially of a test tube con- 
taining the float, or bobbin, and the liquid to be measured, a 
stirred variable temperature bath, and an accurately calibrated 
thermometer. 

The bobbins are made of Jena glass No. 16™ about 5 cm. long 
and 12 mm. in diameter. They were carefully annealed about 
eight months ago and have probably settled down to a definite 
volume. The glass test tube to contain the liquid to be meas- 
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ured is 18 mm. in diameter and 15 cm. long, and requires from 
15 to 30 ce. of the liquid to be tested. 


; Sea water to 
glass tubes be tested 
T Bobbin at equilibrium 
| temperature 
Termnal for 
heating ceil Variable resistance 
-——Thin copper upon which 
the heating coil, of 76 
ohms resistance, 1s 
wound 
Mercury packing 
Inlet for cooling water 


“<< Both overflow 


\ 

NY 


Fig. 1. Apparatus for density determinations. 


The temperature bath is of copper and glass and is made as 
small as possible; it holds only 270 cc. of water. The lower 
part of the bath is made of 0.3 mm. copper, on the outside of 


| 
Q 
‘ 


THURAS: DENSITY MEASUREMENTS 609 


which is wound 75 ohms of ‘‘advance’’ resistance ribbon, whereby 
the bath can be rapidly heated electrically. The base contains 
a stirrer and inlet and outlet tubes for cooling water. The upper 
part of the bath is made of ordinary glass tubing and contains a 
copper cover through which a thermometer and the test tube 
containing the liquid can be inserted. 

A standard stem type thermometer graduated in 0°1 is se- 
cured in the cover of the bath with its bulb immersed in the 


liquid of the bath. The temperatures can easily be read to 0.1 


of a division. 

The method of making a determination depends on noting the 
precise temperature at which the liquid to be tested is exactly 
of the same density as the bobbin. it is apparent that this 
point, where the bobbin neither sinks nor rises, must occur in a 
particular liquid at a perfectly definite temperature. In an 
actual test this equilibrium temperature is not obtained, but 
pairs of readings approaching it from a higher and from a 
lower temperature are successively made until a pair is ob- 
tained covering such a small range of temperature that their 
mean may be regarded as sufficiently close to the equilibrium 
temperature to give the required accuracy in density. The 
temperature coefficient of sea water is such that a sufficient 
degree of accuracy can be obtained by determining this equi- 
librium temperature to 0°05 C. The rapidity in reaching these 
points depends on the viscosity of the water and, consequently, 
increases with the temperature. This in some measure com- 
pensates for the decreased sensitivity caused by the increased 
temperature coefficient at higher temperatures. Therefore a 
high degree of accuracy in a limited time is not necessarily ob- 
tained by cooling the sea water to such a temperature that the 
coefficient of expansion is small. Consequently that part of the 
temperature-density curve of sea water which is most conven- 
ient to work with has been selected in the present work, and 
the bobbins have been made of such a density that all of the 
equilibrium temperatures come between room temperature and 
about 40°C. 

In building this density apparatus the requirements for use 
at sea have been constantly kept in mind. The essential 
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requirements are simplicity and convenience of operation, free- 
dom from disturbances due to the motion of the ship, rapidity, 
accuracy, and limitation in the quantity of test water used. 

The apparatus is simple and rugged. All of the glass parts 
except the thermometer and bobbin are stock articles, and the 
bath is so constructed that it can easily be replaced if broken. 
The heating and cooling elements and the stirrer are contained 
in the copper base and are protected so that they can not easily 
be injured. The operation of the bath is simple and convenient. 
The test tube containing the liquid and bobbin is placed in the 
bath and, by means of the heating coil and cooling tubes the 
temperature is varied until the equilibrium point is reached. 
The only readings necessary are the temperatures of the bath 
for the final two movements of the bobbin. 

An instrument that is to be used on board ship should 
operate rapidly. The bath and test tube containing the sample 
were therefore made as small as possible, the heating coil was 
placed close to the liquid of the bath and the cooling water was 
passed directly into the liquid. With full voltage on the heat- 
ing coil the bath can be heated 10° in less than two minutes, 
and can be regulated by an external resistance to 0°01. The 
test tube containing the sample is 18 mm. in diameter and has 
such a small temperature lag that under ordinary circumstances 
a single test can be made in less than ten minutes. 

The accuracy in density determinations demanded in oceano- 
_ graphic work is 1 or 2 units in the fifth decimal place; this re- 
quires that the equilibrium temperature be read to 0°05 C. In 
figure 2 are shown for each of four bobbins the curve connect- 
ing the equilibrium temperature and the salinity and density 
of the sea water in which it is immersed. Repeated tests on 
the same sample over several days gave consistent results, and 
no two tests of the equilibrium temperature had as large a dif- 
ference as 0°05. 

From some subsurface samples only a limited quantity of the 
water can be used, as most of the sample is required for bio- 
logical purposes. With this apparatus 30 cc. is sufficient for 
a test, and with a little more difficulty a test can be made with 
only 15 cc. 
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The only constant error is that due to a permanent change 
in the volume of the bobbin. To reduce this error the bobbins 
were constructed with great care. They are made of normal 
Jena glass No. 16™ and were carefully annealed about eight 
months ago. There has not been sufficient time to determine 
their change in volume due to aging, but it is believed that they 
have now attained a volume that is constant enough not to affect. 
appreciably the measurements of density. T. W. Richards has 
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Fig. 2. Relation between equilibrium temperature and density and salinity. 


examined carefully the effect of aging, using various kinds of 
glass, and finds that after three or four months the change in 
volume of the glass is exceedingly small. 

To determine the error ‘due to sudden heating and cooling, 
the bobbin and liquid were placed in a sealed glass tube and the 
following results were obtained, using a Beckman thermometer to 
measure temperatures: 


Equil. temp. 
After being in a bath of 56°C. for 10 minutes.................... 20.75 
After being in an ice bath for 10 minutes....................... 20.755 


After being in a bath of 80° for 20 minutes........ 20.75 
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The changes in density corresponding to these changes in tem- 
perature are negligible. 

To determine the rapidity and reliability of the method, a 
series of tests were made on the same sample of water, no single 
test taking longer than ten minutes. The following results 
were obtained using a new sample in the test tube for each 
measurement: 


Sample No. Equil. temp 


This maximum variation of 0°01 C. corresponds to less than 
three in the sixth decimal place of density. 

The formation of bubbles on the bobbin is troublesome when 
a high degree of accuracy is required. It is fortunate, however, 
that when bubbles are forming on the bobbin it is impossible to 
obtain an equilibrium temperature. This difficulty may be 
overcome either by lifting the bobbin out of the liquid just 
’ before a reading is taken, or by driving off the air in the liquid 
by heating the sample to 50° or 60° before making a measurement. 
The latter method was found the more satisfactory. It elimir 
nated the difficulty completely, but, of course, care must be taken 
to avoid evaporation. 

Conclusion. A simple apparatus is described by which the 
density of sea water can be measured on board ship with speed 
and precision. With carefully calibrated bobbins a density 
measurement of a liquid of known temperature coefficient can 
be made in less than ten minutes to an accuracy of more than 
two in the fifth decimal place. The particular advantage of the 
method lies in the facts that (1) by changing the temperature of 
the liquid its density can easily and quickly be brought exactly 
to the density of the bobbin, and (2) at equilibrium temperature 
the sensitivity of the method is unaffected by the motion of the 
vessel, the liquid and bobbin having the same density. 
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C. H. Pierce. 136. 

*Surface water supply of the United 

States. N.C. Grover, et al. 135. 

See also: Geology. 

Entomology. +Aleyrodidae, notes on. 
A. L. QuatnTANcE. 201. 

TBoll weevil, recent spread of. W. 
D. Pierce. 26. 

tEntomological inspection of im- 
ports. E. R. Sasscer. 26. 

tEuropean entomologists. 119. 
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struction of. F. C. Coox, R. H. 
Hutcuison, and F. M. Sca.ezs. 
161. 
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H. S. Barser. 27. 
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Hutcuison. 25. 

fInsect photography. J. H. Parne. 
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Initiation in Hopiland, Arizona. J. 
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tPagan tribes of the Philippines. 
F. C. Cote. 273. 
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ants of the Atlantic islands. W. 
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Prehistoric stone mortar from Ari- 
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Forestry. References. 492. : 
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evolution, observed changes in. 
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532. 
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and G. D. Cowrr. 132. 

*Triangulation in Georgia. C. H. 
Swick. 584. 
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See also: Gravitation. 

Geography. *Navajo country, a geo- 
graphic and hydrographic recon- 
naisance. H. E. Gregory. 132. 

Geology. tAge of certain shales in 
Cumberland-Lebanon Valley, 
Pennsylvania. G. W. Srose. 82. 

tAge of the Worcester phyllite. F. 
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*Anticlinal fold near Billings, Okla- 
homa. A. E. Fats. 38. 

*Anticlines in the Blackfeet Indian 
Reservation. Eugene SrTrEsin- 
GER. 264. 

*Anticlines in central Wyoming. 
C. J. Hares, 265. 

Aphrolith and dermolith. T. A. 
JaaGaR, Jr. 277. 

*Archean complex of Granite Gorge, 
Grand Canyon, Arizona, recon- 
naisance of. L. F. Nose and J. 
F. Hunter. 38. 

*Baked shale and slag formed by 
the burning of coal beds. G. S. 
Rogers. 563. 

Bentonite, origin of; geologic range 
of related material. D. F. Hew- 
196. 

*Bull Mountain coal field, Montana. 
L. H. Wootsey, R. W. Ricuarps, 
and C. T. Lupron. 602. 

Carboniferous rocks with some coal, 
new area of, in the north end of 
the Gulf embayment. E. W. 
SHaw. 552. 

Clay derived from volcanic dust in 
South Dakota. E. T. Wuerry. 
576. 

*Cleveland gas field, Ohio. G. S. 
Rogers. 308. 

Conconully and Ruby mining dis- 
tricts, Washington, reconnaisance 
of. E. L. Jongs, Jr. 37. 

*Cretaceous invertebrates, nonma- 
rine, of the San Juan basin, New 
Mexico. T.W.Sranton. 185. 

tCretaceous volcanic ash bed on the 
Great Plains in North Dakota. 
T. W. Sranton. 80. 

{Diffusion and crystallization of 
metallic copper in crystalline sul- 
phides. H. E. Merwin. 196. 

{Distribution of land and water on 
the earth. H. F. Rem. 311. 

tEagle sandstone, relation of to 
Niobrara shale in Wyoming. C. 
J. Hares. 429. 
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*Economic geology of Gilpin County 
and adjacent territory, Colorado. 
J. M. 266. 

*Embar and Chugwater formations 
in central Wyoming, relations of. 
D. D. Convir. 162. 

*Enrichment of ore deposits. W. H. 
Emmons. 513. 

tEvaporation of water at depth by 
natural gases. R. V. A. MILis 
and R. C. Wetts. 309. 

*Flora of the Fruitland and Kirt- 
land formations, New Mexico. 
F. H. Knowtron. 186. 

*Fossil flora from the Frontier for- 
mation of Wyoming. F.H. Know1- 
TON. 601. ; 

*Gold Log mine, Alabama. E. S. 
Bastin. 76. 

tGravels, high, of northern Great . 
Plains, age of. A. J. Corer. 
194. 4 

{Gravity anomalies from the strati- 
graphic standpoint. Davip Wuire. 
312. 

*Greensand deposits of thé eastern 
United States. G. H. 
513. 

*Gypsum in Bighorn Mountains, 
Wyoming. C. T. Lupron and D. 
D. Connir. 78. 

*Hound Creek coal district, Mon- 
tana, geology of. V. H. Barnett. 
133. 

tHuman remains at Vero, Florida, 
finding of supposed Pleistocene. 
O. P. Hay. 358. 

*Hydraulic-mining débris in the 
Sierra Nevada. G. K. 
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*Irvine oil field, Kentucky. E. W. 
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tIsostasy, our present knowledge of. | 
Witu1amM Bowir. 269. 
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LIAM 311. 
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82. 
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514. 
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constituents of. F. W. CLarKE 
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STEBINGER. 77. 

Oil-field waters, Appalachian, so- 
dium chloride in. G. B. Rica- 
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tOil-shale in the United States. D. 
E. WIncHESTER. 432. 

*Oil-shale in northwestern Colo- 
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WINCHESTER. 265. 

*Oil resources of black shales of the 
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AsHiEY. 564. 
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*Paleozoic sections in southern New 
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tQuaternary history of central 
Alaska. H. M. Eakin. 81. 
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California, significance of. T. W. 
VAUGHAN. 83, 194. 
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geology of. W.R.Catvert. 135. 
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tWashington, D. C., Geological 
areas. E. T. WHerry. 435. 

*Wilcox group (Eocene), geologic 
history of. E. W. Berry. 601. 

See also: Economics; Engineering; 
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alogy; Paleontology; Petrology. 
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References. 465. 

Gravitation. *Investigations of grav- 
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562. 

*Uniformity of bars for magnetic 
standards. R. L. Sanrorp. 14. 
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LoR. 272. 
References. 40. 

Mathematics. Multiple algebra: The 
reduction of real dyadics and the 
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Meteorology. tAerology in aid of 
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Optics. 
E. D. Tittyer and H. I. Scuutrz. 
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Dispersion and other optical prop- 
erties of carborundum. H. E. 

* Merwin. 445. 

tMother-of-pearl, colors of. A. H. 
Pfund. 236. 

*Reflecting power of tungsten and 
stellite. W. W. Cosientz and 
W. B. Emerson. 561. 

Rotation of the plane of polariza- 
tion in quartz and iron at high 
temperatures. FREDERICK Bates 
and F. P. Pueups. 473. 

Turbidity, a standard of. P. V. 
Wetts. 473. 

Ornithology. tAdditions to list of 
North American birds. H. C. 
OBERHOLSER. 120. 

*Anatidae, a new genus of. H. C. 
OBERHOLSER. 589. 

*Aphelocoma cyanotis and its allies, 
status of. H. C. OBERHOLSER. 
588. 

tChanges in avifauna about Bur- 


lington, Iowa. Barrtscu. 
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*Bombycilla garrula, synopsis of 


races of. H. C. OBERHOLSER. 
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*Culebra Island, Porto Rico, birds 
of. ALEXANDER WeTMORE. 588. 

*Fringilline genus Passerherbulus 
and its nearest allies. H. C. 
OBERHOLSER. 588. 

New laniine family of Passeri- 
formes. H.C. OperHoLsER. 180. 
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species of. H. C. OBERHOLSER. 
590. 
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Paleontology. *Brachyceratops, a ce- 
ratopsian dinosaur from the Two 
Medicine formation of Montan@. 
C. W. Girtmore. 267. 
*Fauna of the Mount White for- 
mation. C. D. Watcorr. 565. 
{Gastroliths in the Cloverly forma- 
tion. C. J. Hares. 429. 

*North American Upper Cretaceous 
corals of the genus Micrabacia. 
L. W. StrepHEenson. 39. 
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sylvania. E. T. WuHerry. 393. 
tSeacow of Maryland, fossil. 
LIAM PALMER. 120. 
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Petrology. tResults of microscopic 
examination of rocks from oil 
fields of southeastern Ohio. M. I. 
Gotpman. 310. 


Photometry. *‘‘Average eye’’ for het- 
erochromatic photometry. E. C. 
CritrenpeN and F. K. Ricut- 
MYER. 264. 


tNormal eye for photometry of 
lights of different color. A. H. 
Taytor. 17. 

Physics. tCalorimeter for determi- 
nation of latent and specific heats 
of fluids. N.S. Osporne. 22. 

tElastic strain, effect of, on equilib- 
rium temperature of a solid and 
its liquid. E. Buckrneuam; E. 
D. 79. 

Elastic systems, the vibration fre- 
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tLiquids, constitution of. Irvine 
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Luminescence measurements. N. 
E. Dorsey. 1. 
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_H. F. Stimson. 477. 

tPolarized light, application to the 
study of opaque substances. F. 
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Radiation, gray, criteria for. P. D. 
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eye to lights of different colors. 
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LENTz and W. B. Emerson. 427. 
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Visibility equation derived from the 
Ives and Kingsbury new lumi- 
nosity equation. P. D. Foore. 
317. 
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*Emulsification, resistance of an 
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268. 

*Recovery of paraffin and paper 
stock from waste paraffin paper. 
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